This study reviews the prospects of wind power at the global level. Existing studies indicate that the earth's wind energy supply potential significantly exceeds global energy demand. Yet, only 1 percent of the global electricity demand is currently derived from wind power despite 40 percent annual growth in wind generating capacity over the past 25 years. More than 98 percent of total current wind power capacity is installed in the developed countries plus China and India. It has been estimated that wind power could supply 7 to 34 percent of global electricity needs by 2050. However, wind power This paper-a product of the Environment and Energy Team, Development Research Group-is part of a larger effort in the department to study climate change and clean energy issues. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be contacted at gtimilsina@worldbank.org.
Introduction
The global energy supply system faces challenges on three fronts: price volatility, energy security and the environment, particularly regarding local air pollution and global warming. A primary cause of these problems is the predominant share of fossil fuels in the global energy supply mix. Currently, fossil fuels account for more than 80 percent of the global energy supply and that share is not expected to change over the next 25 years under a business as usual scenario (IEA, 2008) . To address these concerns, there would be a need to diversify the energy supply portfolio towards cleaner and more sustainable sources of energy, such as renewable energy (RE) (Ayres, 2008; Anderson and Winne, 2007) . RE sources include large-scale hydro, small-scale run-of-river hydro, wind, tidal, solar, wave, municipal solid wastes and biomass for the generation of electricity and space heating, and biofuels (ethanol and biodiesel) for transportation. Some countries have already set targets to increase the share of RE in their energy supply mix.
1 For example, the European Union (EU) has introduced an overall target of a 20 percent share of RE sources in energy consumption by 2020 (CEC, 2008) . In China, RE sources are expected to account for 15 percent of the total primary energy supply by 2020 (Martinot, 2008) .
Although most RE sources have exhibited strong growth recently, the deployment of wind power has significantly outpaced other RE sources with the exception of large hydro.
During [2001] [2002] [2003] [2004] [2005] [2006] [2007] 70 Gigawatts (GW) of wind generating capacity was installed globally, which is more than half of the added hydropower capacity (134 GW) and almost seven times as much as the amount of solar photovoltaic generating capacity installed during the same period (EPI, 2008) . Still, the share of wind power in global energy supply is negligible.
Moreover, the recent world energy outlook published by the International Energy Agency (IEA) projects that less than two percent of the globe's energy supply will be met by wind power by 2030 (IEA, 2008 ). An obvious question is: Why is the contribution of wind energy to the global energy supply mix negligible currently and expected to remain very small in the near future? The answer rests with several factors, including technical, economic, financial and institutional barriers. To successfully implement wind power on a larger scale, it is 1 RE targets in many countries are presented later in this paper.
2 necessary to focus on policies and strategies to reduce market barriers and promote research and development to further reduce the costs of wind turbine technology. Advances in climate change mitigation negotiations also will strengthen the financial picture for wind, as would include wind strategies in policies addressing energy security.
The purpose of the current review is to examine these issues and provide insights concerning the future potential of wind power as a renewable energy source. Although there is a large volume of research in the field of wind power, the existing literature focuses more on engineering or technological aspects of wind energy. Hence, our review, unintentionally, has a somewhat engineering or technical flavor although our focus is on economic and policy issues despite the fact that such peer-reviewed research is still in its infancy.
The outline of the paper is as follows: in the next section, we present the status of wind power installation, followed by resource potential and future development prospects. We then discuss wind power generation costs, key barriers to wind power development and policy options to overcome those barriers. This is followed by discussions on the intermittent nature of wind energy and grid interconnection issues. The roles of climate change mitigation initiatives to promote wind power are discussed before we draw key conclusions.
Current Status of Wind Power Installations
Installed global wind generating capacity expanded rapidly from only 10 megawatts (MW) in 1980 to 94,124 MW of installed capacity by the end of 2007 (see Table 1 ). 2 At the end of 2007, Europe and North America accounted for 80.5% of global wind power capacity.
Overall, developed countries accounted for some 85% of installed wind capacity; upon including China and India, this increased to 98.3% of global installed capacity. As indicated in Figure 1 , the top ten countries account for more than 86% of total global wind capacity, or 81.1 GW. With the exception of China and India, and a few other countries, very little electricity is produced from wind in developing countries, and especially in the least developed countries, although wind is used on a small scale to drive mechanical devices such as water pumps.
2 Kilo is abbreviated with k and equals 10 3 ; Mega (M, 10 6 ); Giga (G, 10 9 ); Tera (T, 10 12 ). 
Resource Potential and Future Development Prospects
A number of studies provide estimates of the global potential of wind power generation (Archer and Jacobson, 2005; Global Wind Energy Council & Greenpeace International, 2006; IEA, 2008) . Archer and Jacobson (2005) in particular argue that the earth has enough wind resources to meet current energy demand for all purposes (6995 to 10,177
Mtoe) and over seven times the world's current electricity capacity (1.6-1.8 TW). They arrive at this conclusion by analyzing approximately 7,500 surface stations and another 500 balloonlaunch stations. More than 13% of all reporting stations experience mean annual wind speeds greater than the 6.9 meters per second (m/s) at a hub height of 80 m (i.e., wind power class 3 or greater), which they consider to be low cost wind power resources. They find that northern Europe (along the North Sea), the southern tip of the South American continent, the island of Tasmania in Australia, the Great Lakes region, and the northeastern and northwestern coasts of North America have the strongest wind power potentials. If turbines were set up in all the regions with wind speeds greater then 6.9 m/s, they would generate 72 TW of electricity, which is almost five times the world's current energy use. However, it is not possible to set up turbines in every region identified due to existing buildings, land rights and other obstacles.
Nevertheless, even 20% of those sites could satisfy current world energy consumption. A study initiated by the United Nations' Environment Program (UNEP) to evaluate wind power potential in 19 African countries estimates that the wind power potential could reach 53 TW in those countries alone (InWEnt Consulting, 2004) .
As a result of concerns about climate change and higher prices for fossil fuels, wind power has excellent potential for continued rapid deployment. A 2006 joint study by the Global Wind Energy Council (GWEC) and Greenpeace International (GI) estimates that wind energy can make a major contribution to global electricity supply within the next 30 years (see Table 2 ). The study shows that wind energy could supply 5% of the world's electricity by Table 2 . with a 31% share. In both scenarios, onshore generation of wind power dominates, although by 2050 some 20% or more power will be generated by (more expensive) offshore wind farms.
In order to achieve a more diversified energy portfolio, the U. increase their electricity rates (as such a network would tend to equalize rates across regions).
The USDOE study estimates that upwards of 600 GW of wind generating capacity could be installed at a cost of $60 to $100 per megawatt-hour (MWh), including the costs of connecting to the extant transmission system (USDOE, 2008, p.9 Lazard (2008) society, however, because they include various government incentives, such as investment and production tax credits, accelerated asset depreciation and reduced tax rates. Further assumptions are 60% debt financing at 7% interest rate and 40% equity financing at 12% cost.
Fuel prices used in the estimates are current fixed prices instead of projected prices. Since the study included taxes and subsidies, it deviates from cost-benefit analysis (CBA) methods.
All of the above cost calculations are for the United States. Moreover, those costs do not include transmission costs to connect electricity grids, which could be very high for wind power, especially where wind farms are remotely sited (e.g., offshore or mountainous regions). Also ignored are the increased costs of managing an electric grid when variable wind power enters into an existing generation mix. The levelized costs presented in Table 3 do not include externality costs. Thus, the costs reported in Table 3 are not the total costs to the society. Moreover, if costs of externalities, such as costs of local air pollution, GHG emissions and other externalities (e.g., impacts of wind power on land use), are taken into appropriate account, the total costs of electricity generation technology also would change. Using a life cycle cost approach, some studies (e.g., Owen, 2004; Roth and Ambs, 2004) show that wind power could be as competitive as fossil fuels if environmental externalities are appropriately accounted for in calculating true social costs. Due to decreasing capital costs of wind power (see Neij, 2008) , potentially increasing fossil fuel prices in the long term, and an increasing desire to account for environmental costs and benefits in electrical generation (e.g., via carbon credits), wind power is becoming more competitive with conventional resources for electricity generation. However, the direct cost of construction and operation is not the only factor to determine penetration of wind power into electricity grids. Other factors such as transmission access, intermittency, system reliability and grid characteristics significantly influence the contribution of wind power to a country's electricity supply system (see Sovacool, 2007) .
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Barriers to Wind Power Development
Despite the apparent advantages of wind power development, wind power faces major barriers, particularly in developing countries. These can be classified into technical barriers, economic and financial barriers, market barriers, institutional or capacity barriers, and others.
Perhaps the most critical technical barriers are lack of access to transmission lines, difficulties in getting cranes and/or turbine components to sites (as mentioned in the preceding section), and the challenges related to the intermittent nature of wind (Liik et al., 2003; Lund, 2005) that are discussed in more detail below. Another important technical barrier, particularly in developing countries, is the lack of data needed to assess the size of local wind resources. Available meteorological data are often inadequate for assessing wind resources, so mesoscale modeling based on satellite data with follow-up ground-based wind measurements and microscale wind modeling of the most promising areas are required to obtain 'bankable' wind projects. Otherwise, the uncertainty will discourage investors from developing wind power plants.
Equipment misspecification to comply with the power quality in the local grid also poses constraints. For example, at the early stage of wind power development in the Indian
State of Gujrat, second-hand equipment purchased from California could not operate effectively within the Western Electricity Grid of India, which typically undergoes large fluctuations in frequency and where outages are common-place (Amin, 1999) .
The economic and financial barriers include high upfront capital costs and uncertainty regarding financial returns. This barrier is related to the lack of high quality wind resource data, thereby inhibiting access to financing. Since wind power is more capital intensive compared to conventional fossil-fuel fired generating technologies, the relatively high capital costs continue to be an obstacle to the adoption of wind power at the scale reflecting its technical potential. Moreover, the costs of constructing transmission lines from a wind farm to an electricity grid can be high, thereby making wind power generation less financially attractive relative to thermal power plants that can be constructed near existing transmission corridors or load centers at lower costs per kW of installed capacity.
In the case of off-grid wind power, companies may be hesitant to make investments because the long-term costs of small, wind-driven grids are difficult to predict and rural communities may lack financial resources to make payments; thus, the off-grid electricity market is somewhat risky (Reiche, Covarrubias and Martinot, 2000) . This may be more the case in developing countries where there is also a greater need for off-grid electrification.
Overall, wind power developers face difficulties in raising local equity due to the high level of technical complications and financial uncertainties (e.g., unfamiliar and potentially risky investment with uncertain returns). For the same reasons, wind power developers face difficulties in securing loans. Loan requests are often declined or face high interest rates due to high risk premiums. Because of these financial barriers, wind power may not be an attractive portfolio option for private investors, particularly in developing countries.
Unless implemented under the CDM or JI, wind power does not receive 'green' benefits, while fossil fuels are not taxed for their environmental externalities. This results in an uneven playing field, which can be a substantial market barrier to wind power. Moreover, wind power plants generally tend to be smaller, and wind power producers have less clout in negotiating favorable terms with larger market players. Obviously, small projects face high transaction costs at every stage of the project development cycle.
Lack of proper institutions and local capacity are additional key barriers to wind power development, specifically in developing countries. In many countries, production and distribution of electricity are still controlled by a monopolist, often the state. There is a general lack of economic institutions for facilitating contracts (i.e., power purchase agreements) between the wind power developers and system operators (Beck and Martinot, 2004) . Furthermore, many wind power projects are implemented as turn-key projects with bilateral or multilateral funding from developed countries. Once the projects are handed over to a local company or system operator, they encounter constraints related to a lack of operating skills and equipment parts. This eventually results in inefficiencies, outages and even shutdown of wind farm facilities. These types of problems could eventually lead to a loss of future interest in small-scale wind power development in remote villages (UNEP, 2001 ).
Besides the aforementioned barriers, wind power also suffers from other barriers. In some countries, wind power must meet stringent licensing requirements. Wind turbines along migratory bird paths and/or in coastal areas often need to address specific environmental concerns before they can be erected. Competition for land use with agricultural, recreational, 13 14 scenic or development interests can also occur (Beck and Martinot, 2004) .
Policy Instruments to Support Wind Energy
Many countries have developed strategies to reduce or overcome the barriers mentioned above. They have also set renewable energy targets. As of 2005, 43 countries had renewable energy targets, of which ten were developing countries: Brazil, China, the Dominican Republic, Egypt, India, Malaysia, Mali, the Philippines, South Africa and Thailand (Martinot, 2005) . Various incentives are in place to promote wind energy, including development subsidies, tax breaks and feed-in tariffs. Table 4 presents a summary of policies in 63 countries for which we could find information regarding their wind potential, renewable energy targets and current policies for increasing reliance on wind energy. Most of these countries have relatively good to excellent potential to generate wind power, especially if offshore potential is taken into account in the case of coastal countries.
As illustrated in Table 4 , the policy instruments considered by various countries can be classified into three categories: (i) fiscal incentives, (ii) regulatory incentives, and (iii)
other policies and programs. The key fiscal instruments include capital subsidies, tax incentives, feed-in tariffs, price guarantees, and tradable energy certificates. The main regulatory instruments introduced are mandatory targets, renewable energy portfolio/obligation standards. The other policies and programs include priority in dispatching, transmission access, and long-term contracts. As of 2005, 25 developed and nine developing countries provided feed-in tariffs for wind energy, the same number of developed and six developing countries had provisions to provide capital subsidies, and 26 industrialized and nine developing nations provided other forms of aid (reduced taxes, tax credits, etc.) (Martinot, 2005) . Moreover, 15 countries provided tradable (renewable) energy certificates that could be used, for example, on the European climate exchange (Japan and Australia were the only non-European countries to offer this option). It is also clear that state ownership and public investment are often required to facilitate the development of wind power. Federal production tax credit of $0.02/kWh (adjusted for inflation) for wind generated power for 10 years. Some states aid in transmission planning.
Uruguay
No information 20 MW of electricity generation to come from wind power, with 10 MW from independent producers Government decree in 2006 encourages development of wind power
Notes:
a Wind potential is frequently described by terms such as 'excellent', 'significant', 'abundant', 'immense', 'huge', 'favorable' or 'good'. No attempt is made to define these terms as they are the terms used in the publications to indicate wind potential. Clearly, the terminology suggests enthusiasm for the future of wind power development and that is how they should be interpreted. In other cases, actual capacity or production estimates are provided, while in some no information could be found in the original source. b TPES stands for total primary energy supply Fiscal instruments are the policy instruments most commonly used to support wind power. In the United States, for example, a wind energy production tax credit (PTC) is used to encourage investment in wind generating capacity. The PTC provides an income tax credit of 2.0¢ per kWh for production of electricity from wind and other renewable sources. It is adjusted annually for inflation, is in effect for the first ten years of production, but applies only to large-scale power producers and not the installation of small turbines for individual use (see Steve, Severn and Raum 2008) . India also promotes growth in its wind industry by supplying generous tax credits to the private sector (Martinot, 2002) . Other countries provide feed-in tariffs or tax incentives amounting to 1.5¢ (in U.S. funds) to 10¢ or more per kWh delivered to the grid; the length of time a project can collect such payments varies, and downward sliding payment scale is common.
Integration of Wind Power into Electricity Grids
Intermittency is the greatest obstacle to the seamless integration of wind generated power into electrical grids. When there is no wind, no power is generated; the wind comes and goes, and does not always blow with the same intensity (Scott 2007) . Like solar PV or run-of-the-river hydro, wind power enters an electrical grid whenever there is an adequate amount of the resource available for generating electricity, but, unlike run-of-river hydro, the supply of wind power will fluctuate more than that of traditional thermal or large hydro generating sources that serve base load and are dispatched according to electricity demand.
The intermittent nature of wind gives rise to two types of indirect costs: (i) the costs of additional system reserves to cover intermittency, and (ii) the extra costs associated with balancing or managing an electricity system when power from one (or more) generation sources fluctuates.
Consider first the issue of system reserves. By installing wind generating capacity, greater system balancing reserves are required than would normally be the case if an equivalent amount of thermal or hydro capacity were installed, even after adjusting for the lower capacity factors associated with wind (Gross et al, 2003 (Gross et al, , 2006 Kennedy, 2005) . The reliability of power from wind farms due to a high variability in wind is lower than that of thermal or hydro sources of power and must be compensated for by greater system reserves. Gross et al., 2006 Gross et al., , 2007 DeCarolis and Keith, 2005) . If wind farms are added to an existing grid, required reserves must be increased to ±3
, where σ w is the standard deviation associated with wind intermittency. If σ w > σ s and wind replaces other generation that is more reliable, then reserves must increase; if σ w < σ s , reserve capacity would decline. How large must the additional reserves be? According to Gross et al. (2006 Gross et al. ( , 2007 , assuming no correlation between demand and variable supply from wind, additional reserve requirements would be small. Based on empirical wind data, they estimate that the standard deviations of wind fluctuations amount to 1.4% of installed wind capacity for a 30-minute time horizon 6 Although this might be considered a small addition to overall reserves, the financial implications are significant
In addition to the need for greater system reserves, there is a second cost associated with the need to retain system balance, the added cost of managing the grid (Lund, 2005) .
How the grid is to be managed depends on the policy implemented by the authority. If the grid operator is required to take any wind power that is offered, wind power is then nondispatchable, or 'must run'. In that case, existing generators may need to operate at below optimal capacity, while ready to dispatch power to the grid in the event of a decline in wind availability. Peak-load diesel and simple (open-cycle) gas plants and, to a much lesser degree, combined-cycle gas turbine (CCGT) plants are able to ramp up and down to some extent in order to follow fluctuations in wind power availability. With non-dispatchable wind power entering a grid, there is an economic cost because peak-load and load-following generators operate more often below their optimal efficiency ratings (less than their optimal instantaneous capacity factors) -wind variability causes peak-load diesel and open-cycle gas plants to stop and start more frequently, which increases O&M costs. Furthermore, the grid operator is often required to sell excess power to another operator, usually at low cost. This is the case in Denmark, for example, where the 'must-run' requirement for both wind and CHP generated power requires the operator to export large amounts of electricity, especially at night when load is low and CHP and wind power might be high (Pitt et al., 2005) .
This problem is exacerbated as wind penetration increases, particularly if the load remaining when wind generated power is subtracted exceeds the output of base-load power plants. Coal-fired power plants can ramp down only very slightly at night (when load is low and wind power might become available) so they can return to full operation during the day, although costs of operating below optimal capacity are generally high. (They can reduce output quickly only by venting steam, which can lower heat by hundreds of degrees Celsius, but at very high cost to equipment.) Nuclear power plants cannot ramp up and down over the time frames under consideration. Thus, whenever wind power is available excess power from base-load generators must be sold into another grid, perhaps displacing renewable energy production in some other jurisdiction (e.g., where no 'must-run' requirement exists). 7 If wind penetration is high, management of the grid may become especially problematic if wind resources are designated 'must-run' or non-dispatchable (Liik et al., 2003; Lund, 2005; Pitt et al., 2005) . The indirect grid management costs are likely the highest costs associated with wind energy (Prescott et al., 2007; van Kooten, 2008a, 2008b) , although this certainly warrants further investigation.
While this problem could be mitigated by storage of wind power, no viable large-scale storage systems are currently available. Because of the storage problem associated with the intermittency of supply, wind power is used most effectively in electricity grids that have large hydropower capacity. In that case, water can be stored in reservoirs by withholding hydroelectricity from the grid when non-dispatchable wind power is produced, but releasing water and generating electricity when there is no wind power. This is precisely what happens with wind power in Denmark, where hydro reservoirs in Norway provide de facto storage (White, 2004; Lund, 2005) , while lack of storage and/or connections to a larger market make wind power a less attractive option in Ireland and Estonia (Liik et al., 2003; ESB, 2004 ).
An alternative policy is to make wind power dispatchable by requiring wind operators to reduce output (by 'feathering' wind turbines or simply stopping blades from rotating) whenever the grid operator is unable to absorb the extra electricity. In this case, output from base-load plants is effectively given precedence over wind generated power because such plants cannot be ramped up and down, the ramping costs are too great, and/or excess power cannot be stored or sold. (In Alberta, for example, further expansion of wind farms was permitted only after developers agreed to control power output so that wind power was no longer 'must run'.) This policy makes investments in wind farms must less attractive as it increases costs, and is usually unacceptable to environmental groups as it is perceived as a waste of renewable energy. Nonetheless, it might be the only way in which a grid can be managed to include wind power, especially as wind penetration levels increase.
One argument used to minimize intermittency and storage concerns relates to the placement of wind farms. If wind farms are placed over a large geographic area, then, for the same installed wind power capacity, the output would be smoother than if it were to come from a wind farm at a single site. Therefore, to overcome variability, it is necessary to locate wind farms across as large a geographic areas as possible and integrate their combined output into a large grid. By establishing wind farms across the entire country, onshore and offshore, the United Kingdom hopes to minimize the problems associated with intermittency. In addition, by connecting all countries of Europe and placing wind farms throughout the continent as well as in Britain and Ireland, the hope is to increase the ability to employ wind generated power. Unfortunately, as demonstrated by Oswald, Raine, and Ashraf-Ball (2008) , large weather systems can influence the British Isles and the European continent simultaneously. They demonstrate that at 18:00 hours on February 2, 2006, electricity demand in the United Kingdom peaked, but wind power was zero (indeed wind farms added to the load at that time). At the same time, wind power output in Germany, Spain and Ireland was also extremely low -4.3%, 2.2% and 10.6% of capacities, respectively. Thus, even a super grid with many wind farms scattered over a large landscape cannot avoid the problems associated with intermittency, including the need to manage delivery of power from various non-wind power generators.
The challenge to integrate wind energy into existing electricity grids depends on several factors, such as the availability of suitable sites for wind farms, the generation mix of the electricity grid, and government policies to support wind power. The best sites are those located on land where wind turbines least interfere with other land uses, where noise and visual externalities are minimal, and where the effect on wildlife is small. Sites should be scattered over a sufficiently large area so that they are not affected by the same weather patterns -so that the correlation of low wind among sites is minimal. Further, wind sites need to be connected to a transmission grid, and if such a grid does not exist in close proximity, the costs for deploying wind power become exceedingly large.
Climate Change and Wind Power
Climate change initiatives have done much to promote wind energy over the past decade both in developed and developing countries. In the developed countries, fiscal policies and regulatory mandates enacted to meet Kyoto commitments have promoted wind power. In the developing countries, the Clean Development Mechanism of the Kyoto Protocol has played a catalytic role. Various international organizations, particularly the World Bank Group and the United Nations' Development Program (UNDP), have also contributed significantly to the financing of wind power projects through the Global Environmental Facility (GEF).
As can be seen from Table 4 Table 5 ). While these projects are distributed across the globe, about 90% of the total projects with about 85% of the total capacity are concentrated in China and India. China alone accounts for almost 60% of total installed capacity. Mexico, South Korea and Brazil account for the bulk of the remaining projects. Wind power projects account for approximately 14% of the total CDM projects already registered or in the pipeline. In terms of GHG mitigation, these projects share 9% of annual potential (see Table 6 ). In addition to CDM projects, 18 wind energy projects were being implemented in economies in transition by early 2009 under Kyoto's joint implementation mechanism (URC, 2009b). 
Concluding Remarks
This study presents the current status and future prospects of wind power at the global level, considering various aspects such as resource potential, installed capacity, economics, financing, physical barriers, intermittency, grid interconnections, and policies related to climate change. We find that global wind power generation capacity expanded rapidly from only 10 MW in 1980 to 94,124 MW by the end of 2007, with an average annual growth rate of about 40%. The growth is also facilitated by the improving economics of wind power as it is becoming increasingly competitive with traditional sources of electricity generation, such as coal, gas, hydro and nuclear. Despite the phenomenal growth of installed capacity, however, wind power still accounted for only 1% of global electricity supply as of 2007.
Moreover, the distribution of installed capacity and ongoing investment are preponderantly concentrated in developed countries, with the exception of China and India. Existing studies estimate that wind power could account for 7% to 34% of the global electricity supply by 2050. The ability to continue expansion of wind power will depend, however, on the specific circumstances facing a country or region, such as the generation mix of the grid to which wind will be connected, the distance between wind farms and the nearest grid connection, economic incentives, and institutional support. It also depends on prices of improvements in wind technology, fossil fuels, economic and political developments surrounding nuclear power, and the cost and availability of other renewable sources of energy.
Wind power faces a large number of technical, financial, economic, institutional, market and other barriers. The intermittent nature of wind power and the relative remoteness of locations where wind resources normally exist are key technical and economic barriers.
Relatively higher upfront capital costs and lack of access to financing, especially in developing countries, are some key financial barriers. To overcome these barriers, many developed countries have introduced a variety of policy instruments, the most common of which are capital subsidies, tax incentives and feed-in tariffs. However, existing policy instruments alone are not adequate to increase significantly the share of wind power in the global electricity supply mix. To accomplish this, new and innovative policy instruments and strong institutional support would be necessary, as well as further advance in wind technology to lower its cost at larger scales of supply.
Climate change mitigation initiatives, particularly the Kyoto commitments and the flexibility mechanisms under the Kyoto Protocol, play pivotal roles in promoting wind power.
In order to meet their Kyoto commitments, many developed countries have set domestic targets for wind power expansion, while developing countries are actively investing in wind power projects using funds available through the clean development mechanism. As of June 2008, wind power projects with a combined capacity of close to 8 GW had already been registered under the CDM and an additional almost 17 GW are in the process. Moreover, more stringent GHG mitigation targets beyond 2012 will likely help accelerate the expansion of wind power across the globe.
The paper does address the normative question of how much additional investment in wind capacity should be undertaken by developing countries, and through what means. We can observe that without efforts to lower institutional, regulatory and financing barriers, even cost-effective investments in wind capacity are impeded. At the same time, more fundamental technical and economic challenges need to be overcome in order for wind ultimately to displace significant fractions of fossil fuel electricity capacity in developing and developed countries. This could be accomplished through both further advances in the technology at a larger scale of deployment, and increases in the demand for wind technology as a consequence of a larger global market for CO 2 mitigation investments.
